INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most deadly and the fifth most common malignancy worldwide, with an estimation of 600,000 to 1 million new cases per year. The incidence will keep increasing in the next 2-3 decades due to the high incidence of HCV and HBV infection (El-Serag and Mason, 1999; Tanaka et al., 2002; El-Serag and Rudolph, 2007) . Surgical removal and liver transplantation remain the most effective therapy for HCC. Although various novel approaches to treat non-resectable HCC are available, the efficacy and three year survival rate (30-40%) are still not promising (Lau and Lai, 2009; Tanaka and Arii, 2009 ). The pathogenesis of HCC is not fully delineated. The great majority of HCC occurs in the setting of cirrhosis due to chronic viral infections with hepatitis B or C, alcohol or genetic/metabolic deficiencies. The profound genetic changes identified in HCC include activation of protooncogenes, gene deletion or mutation, reactivation of telomerase activity, and epigenetic abnormalities (Aravalli et al., 2008) . However, these changes and existing theories of oncogenesis do not explain the full picture of tumor development, progression, metastasis and recurrence.
Cancer stem cells (CSCs) are a newly identified subpopulation that possesses stem cell properties and may differentiate into heterogeneous progenies of malignant cells. They are probably the progenitor cells that undergo unknown genetic mutations, and lose potential for tissue repair, but retain stem cell characteristics, such as self renewal and plasticity to differentiate into different cell types in tumor tissues (Clarke et al., 2006; Dalerba et al., 2007) . CSCs are thought to be the cells that are least sensitive to chemotherapy or radiotherapy, and develop resistance to pharmacological, biological or radiotherapeutic treatments (Park et al., 2009 ). These cells are probably the source for tumor metastasis and relapse. Thus, the concept of CSCs is a new paradigm of cancer biology explaining many existing basic and clinical challenges. Developing a better understanding of their pathobiology may well aid in a breakthrough in developing novel therapeutic strategies. CSCs have been identified in both solid malignancies (such as breast, prostate and colon cancers) and leukemia (Klonisch et al., 2008) . The exploration of phenotypic, genetic, epigenomic, epigenetic or molecular abnormalities (Mishra et al., 2009) , as well as the identification of molecular markers of CSCs (Klonisch et al., 2008) and the search for novel treatments of CSCs, are all areas of active investigation.
CD44 is a cell surface adhesion molecule mediating multiple signaling pathways (Fujita et al., 2002) , which has been used as a CSC marker in leukemia, head or neck cancer, pancreatic, breast, and prostate cancer (Klonisch et al., 2008; Lee et al., 2008) . CD133 is a cell surface glycoprotein (prominin-1) with a 97 kDa molecular size and 5 transmembrane domains. It has been used as a marker for immature hematopoietic stem cells or progenitor cells. A single CD133 + colon cancer cell formed a tumor in the kidney capsule but CD133 -cells were not capable of forming tumors in immunodeficient mice (O'Brien et al., 2007) . CD133 + HCC cells were chemo-resistant and possessed a greater ability to form tumors in vivo (Ma et al., 2007) . Aldehyde dehydrogenase (ALDH) is highly expressed in embryonic tissue as well as in adult stem cells isolated from bone marrow, cord blood, and other tissues, and has been employed to identify cancer stem cells in various tumor types (Moreb, 2008) . Adult progenitor cells with high ALDH activity displayed a better tissue repopulation rate after transplantation (Zhou et al., 2009 + was identified in 90% of HCC blood samples, but not in blood from normal or cirrhotic patients [19] . Thus, one or more of these markers may be useful for identifying cancer stem cells in HCC or even as markers for the detection of HCC in liver or blood (Yang et al., 2008b) . However, to our knowledge, no previous study has investigated the specificity of these CSC markers by comparing their expression profile in various disease categories, and the question remains whether these markers have any clinical value in the detection of HCC in liver tissue or serum samples. In the present study we collected liver specimens from healthy individuals, as well as from patients with hepatitis with or without cirrhosis, HCC or hepatoblastoma (HB), and from patients with liver tissue adjacent to HCC. We then stained these markers by immunohistochemistry in order to define their tissue specificity.
MATERIALS AND METHODS
Tissue collection and patient demographic information
Twenty-five HCC specimens in paraffin-embedded sections were provided through the UC Davis Cancer Center BioRepository (CCBR). The human subject protocols were approved by the Institutional Review Board (IRB) according to the NIH guidelines. All specimens provided by the CCBR were recoded without patient identification. The male/female ratio was 20/5; mean age: 56. 4±14.4 (20-73) years. The tumor size ranged from 1.8 to 13 cm in diameter (mean: 5.76±3.1cm, median: 5.0 cm). In these specimens, HCC differentiation degree as determined by pathologists was as follows: I-II (4), II (7), III (9), III-IV (1), undetermined (4). Basic disease: 11 with viral hepatitis (5 cases of hepatitis B and 6 cases of hepatitis C), 9 with cirrhosis, 7 with active inflammation, 2 with steatosis, 2 with fibrosis, 5 without clear predisposing conditions (Table 1) . Four hepatoblastoma (HB) cases were previously healthy pediatric subjects with age varying from 1 to 4 years old (male/female: 2/2). In 19 cases of the viral hepatitis group, 18 cases were hepatitis C and one with hepatitis B, with a male/female ratio of 16/3 and a mean age of 50±8.7 years. Eight patients were cirrhotic, 7 cases were accompanied by various degrees of fibrosis, and there was no obvious fibrosis in the remaining four cases (Table 2) . Eight liver specimens adjacent to HCC in paraffin-embedded sections were provided by the First Affiliated Hospital, Nanjing Medical University, with patient consent, and they were all HBV-positive. Their male/female ratio was 5/3 with a mean age of 47.5±15.5 years. Tumor size ranged from 1.5 to 8 cm in a mean diameter of 4.4±2.7 cm (median: 4.5 cm) ( Table 3) . Four liver specimens from "healthy" subjects were from patients without known liver disease who had liver resection for other reasons.
Immunohistochemical staining
Paraffin-embedded sections were deparaffinized with xylene and a series of concentrations of ethanol, blocked with 20% rabbit serum, and stained with primary goat-anti-human ALDH1A1 from Santa Cruz Biotechnologies (Santa Cruz, CA), mouse anti-human CD44 and CD133/1 from (Miltenyi Biotec Inc. Aubum, CA) or CD90 from BD Pharmingen (San Diego, CA). Secondary antibodies [F(ab')2-PE-Cy5 fluorescein-conjugated rabbit anti-mouse IgG and FITC-conjugated rabbit anti-goat IgG] were used for fluorescent imaging for double staining of CD133/1 and ALDH (Table 4) . Some sections were counterstained with 4',6-diamidino-2-phenylindole (DAPI) in mounting medium (from Vector Laboratories, Inc. Burlingame, CA) demonstrating nuclei. Negative controls were stained without primary antibodies. Stained sections were examined under either a Nikon fluorescent microscope or Zeiss LCM confocal microscope as indicated in the figure legends. Positive rates for CD44 and CD133 were counted in all HCC and hepatitis sections.
Statistical analysis
Quantitative data were expressed as means ± SEM, and the difference in positive rates of CD133 and CD44 in HCC specimens or hepatitis specimens was analyzed by the Chi-square test. A p-value of less than 0.05 was considered as statistically significant. RESULTS
Identification of CD133 + /ALDH + cells in HCC specimens

CD133
+ /ALDH high HCC cells had a high tumor-forming ability, and are considered to be a subpopulation of cancer initiating cells (Ma et al., 2008) . We co-stained HCC specimens with anti-CD133 and anti-ALDH monoclonal antibodies, and found that many HCC cells were positive for ALDH staining. CD133-positivity was identified mostly in ALDH-positive cells and in nearly two third of HCC specimens (Table 1) . However, we estimated that only a small portion (5%) of HCC cells was positive for both markers (double positive), as shown in Fig. 1 . Moreover, doubly positive HCC cell clusters were co-localized by confocal microscopy in the areas adjacent to connective tissue ( Fig. 2A) and within invaded vessels (Fig. 2B) , suggesting that these cells are highly metastatic.
CSC markers in peri-HCC liver tissue and hepatitis specimens
CSC markers are useful for identifying CSCs or cancer initiating cell populations in some cancer tissues. Whether these markers are valuable in identifying malignant cells in liver tissue is an intriguing question. We collected 8 peri-HCC liver tissue blocks and stained sections from these blocks with anti-CD133, ALDH, CD44 and CD90 antibodies. Among 7 specimens (1 unstained), 6 were found to be ALDH-positive and one in questionable; 5 CD133-positive; 3 CD44-positive; 4 slightly CD44-positive; and 4 CD90-positive (Fig. 3 A-D, Table 5 ), especially in tissue with dysplasia adjacent to HCC (Fig. 3E-H) . The positivity rate for these markers in the peri-HCC tissue was at least similar to that in the corresponding HCC tissue (Table 3) . Moreover, in hepatitis tissues, CD133, CD44 or CD90 positive cells were predominantly visualized in the portal zones or fibrous septa (Fig. 4) . The CD44 positive rate in viral hepatitis was significantly higher than in HCC, but there was no statistical difference in CD133 positivity between HCC and hepatitis tissues (Fig. 5) . In both peri-HCC tissues and hepatitis tissues (with or without cirrhosis) (Fig. 3 and 4) it is difficult to determine whether CD133, CD44 and CD90 positive cells are resident non-parenchymal cells or circulating blood cells because additional hematopoietic stem cell markers, such as CD34 and CD90, as well as endothelial epithelial cell markers, such as CD31, are needed. In addition, CD133, CD44 and a few CD90-positive cells, as well as ALDH-positive cells were also identified in 3 of 4 liver tissues whose hepatic biochemical tests were normal and who underwent an abdominal surgery for a non-hepatic disorder. Liver histology confirmed that two were normal, one with slight steatosis, and another one with moderate steatosis (Fig. 6) . Compared to CD90, CD44 staining appeared to be positive in more cells in normal tissue (Fig. 6B and C) , and more positive cells were seen around the central vein, which may be related to any on-going sub-clinical inflammation.
CSC markers in hepatoblastoma tissues
Hepatoblastoma (HB) is a malignant liver cancer occurring in normal liver of early childhood, and is thought to derive from liver stem cells/progenitor cells (Cairo et al., 2008) . Therefore, it would be interesting to investigate the CSC marker profile in HB specimens. We found that one out of four HB specimens was positive for all markers stained (Fig. 7) , whereas the other three were negative for all these markers. In the case with positive staining, HB was encapsulated by connective tissue, and the liver tissue surrounding the neoplasm was completely normal, and negative for all markers stained.
DISCUSSION
In this study we stained HCC specimens with a number of cell surface molecules, such as CD133, CD44 and CD90, and ALDH which is a cytoplasmic enzyme. They have been selected as markers for identifying CSCs in HCC tissues or hepatoma cell lines in a number of recent studies (Ma et al., 2007; Yang et al., 2008a; Yang et al., 2008b) . With the combination of CD133 and ALDH we identified a small subpopulation of doubly positive cells in HCC tissues, especially in the areas adjacent to connective tissue or within vascular lumens with HCC invasion. The separation of these cells as a sub-population could enhance our understanding of the initiation, progression, metastasis or relapse of HCC at the molecular, genomic or epigenetic levels, as well as lead to the identification of novel molecules for the development of therapeutic agents targeting HCC (Aravalli et al., 2008; Kudo, 2008; Visvader and Lindeman, 2008; Mishra et al., 2009 ).
It has been claimed that the CD45 -/CD90 + combination could be used as a marker for human liver cancer or as a target for its diagnosis and therapy (Yang et al., 2008b) . In this study, we examined the expression profile of several CSC markers in HCC, peri-HCC tissue, viral hepatitis and normal liver tissues, and found that expression of individual or a combination of CSC markers in HCC is not a unique phenomenon. Cell surface markers, CD133, CD44 and CD90, as well as ALDH expressed in HCC tissue, suggesting stem/progenitor cell properties, were also expressed in inflamed or nearly normal liver tissue. The HCC specimens were from patients with either HBV or HCV infection with or without advanced fibrosis or cirrhosis, and it is surprising that nearly all peri-HCC tissue specimens were positive for these markers, and that many hepatitis specimens were positive too. However, in non-HCC tissue, positive cells were found mainly in the portal areas and fibrous septa. One speculation for this finding is that circulating, bone marrow-derived stem cells may be recruited into inflamed livers and facilitate tissue repair, because a significant number of CD44 or CD90 (a hematopoietic stem cell marker)-positive cells were found in normal adult liver (epithelial cells with hepatobiliary phenotype) and in a variety of liver disorders (Khuu et al., 2007; Mao et al., 2008) . Moreover, regenerative hepatocytes, hepatic oval cells or other resident progenitor cells in the liver may also yield positive staining in the liver with inflammation or from "healthy" individuals (Herrera et al., 2006) . Therefore, it appears that the use of CSC markers for identifying malignant cells in normal livers or livers with inflammation has a limited value, which is consistent with a recent report that CSC markers were not useful in predicting prognosis of this malignancy (Salnikov et al., 2009) . A panel of liver stem cell markers, such as O volvulus 6 (OV-6), glutathione Stransferase placental (GST-P), CK-19 and H19, was found to be positive for both HCC and cirrhotic tissues (Oliva et al.) . Interestingly, HCC tissues had a higher positivity than cirrhotic tissues in liver stem cell marker staining, and these markers were positive in non-tumor liver tissues, such as alcoholic steatohepatitis, non-alcoholic steatohepatitis (NASH), HBV or HCV infection (Oliva et al.) . Thus, it is consistent for our findings with this work that in both HCC and non-malignant liver tissues, there exist stem cell-like populations which are positive for either cancer stem cell markers or/and stem/progenitor cell markers, although the positivity of each marker may vary in different tissue types and a specific location, and the origin of stem/progenitor cells needs to be further defined.
HB is a malignant embryonal tumor of the liver usually diagnosed in children younger than 3 years of age (Cairo et al., 2008) . In the absence of underlying liver disease or viral infection, genetic/epigenetic abnormalities of this tumor are linked to a stem cell origin of 6 tumorigenesis. The distinctive stem cell expression profiles and molecular signatures divide this malignancy into two classes: well-differentiated (C1) and poorly-differentiated (C2). Poorlydifferentiated HBs are more often the perivenous type, express fewer CSC genes and less liverspecific genes with more chromosomal abnormalities, and have an unfavorable outcome (Cairo et al., 2008) . On the other hand, the well-differentiated HBs express more liver-specific genes, and most CSC markers are positive with a less aggressive tumor behavior. A recent study demonstrated that hedgehog (Hh) signaling activation is involved in this subclass, suggesting a possible role of Hh signaling activation in the malignant transformation of embryonal liver cells in early childhood HBs (Eichenmuller et al., 2009 ). In our limited number of HB cases, one out of 4 HB cases was positive for all CSC markers stained, whereas the other three were completely negative for these markers. Although more studies are needed to define their liver-specific gene expression profile and genetic abnormalities, it is possible that the case with all CSC markers positive may belong to the C1 subclass, whereas, the other three may belong to the C2 subclass.
In conclusion, in HCC and dysplastic tissue, clusters of cancer stem cells were identified by CD133 + /ALDH or in combination with CD44 and CD90 staining. However, liver specimens from patients without malignancies and patients with normal liver also express these markers. Thus, it appears that the use of cancer stem cell markers to screen tissues with chronic liver disease provides limited guidance for the identification of malignant cells because proliferative liver cells or infiltrating bone marrow-derived stem cells in the damaged liver may display a similar expression pattern. Ngtv:2 Ngtv:2 N/a = non applicable, Pstv = positive; Ngtv = negative. Fig. 1 Confocal imaging of immunohistochemical staining of HCC sections. A. CD133-positive HCC cells (red) were identified around a vessel. B. ALDH highly-positive HCC cells (green) were located in the same areas as CD133 + cells. Please note that nuclei were not stained with these two markers. Scale bars indicate the magnification. 
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